Abstract: A regioselective synthesis of polycyclic substituted pyridines is reported. Key step is the cobalt-catalyzed intramolecular cyclization of diynenitriles, tethered by a silicon oxygen bond. Subsequent opening of the Si-O ring led then to the related tetrahydroquinolines.
In the course of our study on transition metal-catalyzed reactions we developed a new method for the construction of linear annelated polycycles via a cobalt-mediated cyclization of silicon oxygen tethered enediynes 2a and diynenitriles.
2b Herein we would like to present the application of this method to the synthesis of substituted polycyclic pyridines. 3 In addition to our earlier results, Malacria also reported on the chemo-and regioselective cobalt(I)-mediated cyclotrimerization of alkynes using a silylated tether. 4 We decided to use for our cyclizations the commercially available CpCo(CO) 2 and the 'Jonas catalyst' [CpCo(C 2 H 4 ) 2 ], 5 because it promotes cyclotrimerization even at low temperature and without irradiation. 6 CpCo(C 2 H 4 ) 2 can be easily obtained using Vollhardt's improved procedure.
7 Recently the synthesis of 2-substituted pyridines via a photocatalyzed [2+2+2] cycloaddition at room temperature has been reported using CpCo(cod).
8
Our synthesis began with the deprotonation of heptynenitrile 1 with n-BuLi and treatment of the resulting lithiated acetylene with ClMe 2 SiNEt 2 . Reaction of various substituted propynylalcohols 3 with the generated silylacetylene 2 gave the diynenitriles 4 in good yields (Table 1) . Cyclization of the unsubstituted diynenitrile 4a (R = H) with 2.5% CpCo(CO) 2 in refluxing toluene with concomitant irradiation by a tungsten lamp gave the tetrahydroquinoline 5a in 37% yield. Use of the more effective CpCo(C 2 H 4 ) 2 in diethyl ether and without irradiation led to 5a in better yields, even at -20 °C. Similar results were obtained with the methyl-substituted 4b and the diynenitrile 4c, which have been synthesized using 3-butyne-1-ol (3c, CH≡CHCH 2 CH 2 OH).
9 Next, we studied the trimerization of diynenitriles with bulky substituents R: only the trimethylsilyl-substituted 3d reacted to the pyridine 5d using CpCo(CO) 2 in refluxing toluene, but in very poor yield (5%). In the case of R = Ph, CH 2 OTBDMS or CH 2 OCH 3 no cyclization could be observed even after prolonged reaction time (Scheme 1).
Scheme 1
On our interest for further functionalization, we found that treatment of the pyridine 5a with H 2 O 2 , KHCO 3 and TBAF led to the disubstituted tetrahydroquinoline 6, while the same conditions without an oxidant gave the hydroxy methylene substituted tetrahydroquinoline 7.
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In order to explore the scope of the above cobalt cyclization protocol of silicon tethered precursors in natural product synthesis, the preparation of a protected indole substituted diynenitrile 12 was tackled to gain access to the construction of the ergot alkaloids core (Scheme 3): 3 in MeOH, treatment of the so obtained ynenitrile 11 with n-BuLi/ClMe 2 SiNEt 2 and then addition of 2-propyn-1-ol led to the desired diynenitrile 12. The trimerization of 12 was achieved with 2.5% CpCo(C 2 H 4 ) 2 in diethyl ether at low temperature (-80 °C to r.t.) and gave the indole 13 in 39% yield.
9 Cyclization experiments with CpCo(CO) 2 under irradiation in refluxing toluene were not successful (obviously the indole 12 decomposes at high temperature). Unfortunately, the silicon-oxygen ring could not be opened using either the conditions in Scheme 2 or Vollhardt's methylationreduction protocol in the total synthesis of (±)-lysergene and (±)-LSD.
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In conclusion, the herein reported cobalt-mediated trimerization of silicon-oxygen tethered diynenitriles offers a new access toward substituted polycyclic pyridines. Application of this method has been shown in the synthesis of the indolylpyridine 13 with the typical ABCD ring annelation pattern of the ergot alkaloids. Future effort of our group is the preparation of further nitrogen containing polycycles of pharmacologically interesting natural products and related compounds by using the above-described protocol. (6) (a) Diercks, R.; Eaton, B. E.; Guertzen, S.; Jalisatgi, S.; Matzger, A. J.; Radde, R. H.; Vollhardt, K. P. C. 
